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History, drivers, and perspectives 
of forest biodiversity 

Estonia in a regional and socio-economic context

Asko Lõhmus
environment

society

economy

Contents:

• the biodiversity principle in sustainable forest management
ideal and reality

• changing biodiversity of Estonian forests

• ... its socio-economic causes and processes
comparisons with neighbour countries

• ... the ongoing public debate and solutions
national and international dimensions

I

the biodiversity principle 

in sustainable forest management

Forests are complex systems (open, adaptive)

• ecologically
• composition 
• structure: site types, age structure, stand structure, disturbances

• function: nutrient cycling, hydrology, climate effects

• socially and culturally
• human environment
• function: health, inspiration

• cultural and spiritual legacy

• economically
• wood, non-wood
• employment 
• state finance

CS properties:
• multiple scales connected
• non-linear dynamics
• positive and negative feedbacks

• evolving, self-organizing
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Sustainable forest management: 
goals, indicators, market mechanisms, 
precautionary policy

Rametsteiner & Mayer 2004 Ecol. Bull.

Principles

Criteria

Indicators

Politicians

Experts

• zoning
• TRIAD (land sparing + land sharing)

• green network

• public forests

• combine silvicultural approaches
• multi-species, multi-purpose

• even-aged + uneven-aged systems 

• long- and short-rotation

• multi-scale set-asides
• retention forestry

• set-asides in managed forests

• reserves

SFM toolbox for biodiversity
combining approaches, silvicultural systems, 
set-asides
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• zoning
• TRIAD (land sparing + land sharing)

• green network

• public forests

• combine silvicultural approaches
• multi-species, multi-purpose

• even-aged + uneven-aged systems 

• long- and short-rotation

• multi-scale set-asides
• retention forestry

• set-asides in managed forests

• reserves

SFM toolbox for biodiversity
combining approaches, silvicultural systems, 
set-asides

Main results:
• no system works everywhere
• most real systems lack diversity
• political mandate needed

Identify and add missing components!

Drained Natural

Novel
habitats

Rehabilitated
habitats

Restored
habitats

Protected
habitats

Forest
species

Drained stands: 

type & age

Silviculture for

stand structure

Restore wet
forest

Set
aside

Wetland
species

Clearcuts: size, 

age & location

Combine natural

processes & cuttings

in wet patches

Block ditches
& cut trees

Aquatic
species

Ditches, canals, 

wheel-rut pools

Improve & mitigate

ditch maintenance

Restore
stream & 
downstream

Applied research

for evidence base
What is the

habitat value?
The cost-efficiency of techniques

How

much?
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Biodiversity

surveys

of focal

taxa

Landscape planning: distribute habitat approaches at 

stand and landscape scales

Lõhmus et al. 2015 BioScience

Example: 
drained forests

Problems and new challenges for SFM:
global markets, climate change, "bioeconomy", 
international environmental justice

environ-
ment

society

economy

2015

ECONOMIC SOCIAL

ECOLOGICAL

sustainable
viable

responsible

bearable

Knowledge- and social problems 
involved in the BD challenge

• mostly indirect indicators
• threatened tree species

• common bird index (added)

• social processes underdeveloped

• information flows

• setting target states

• taxes, incentives

• precautionary principle

• vague responsibility

• Swedish experience

Potential areas of rapid improvement

• elaborate indicators and targets
• focal species

• rule-of-thumb targets (e.g., reserves)

• agree on state/public procedures

• strategic planning (e.g., development plans)

• knowledge systems

• operationalize precautionary principle

• develop diverse silviculture and set-asides

• test systems

• research

Focal species: 
lichens
Lõhmus & Lõhmus 2019 Forests

Species 
(ecological group)

Limiting process Proposed target References

Old-growth dependent species in protected forests

Lobaria pulmonaria 
(epiphytic macrolichen)

Dispersal/ establishment
Spatio-temporal connectivity of nemoral 

broad-leaved trees and aspen in reserves data
[42,77,96,102–105]

Menegazzia terebrata (epiphytic 
macrolichen)

Air moisture and quality
Hydrologically intact semi-open moist and wet 

forests
[16,102,106–107]

Chaenotheca gracilenta (epixylic 
microlichen)

Microhabitat
Supply of shady moist microhabitats on dying 

and uprooted old trees in reserves
[15,43,102,108]

Xylopsora friesii (epiphytic/epixylic 
microlichen)

Disturbance regime
Conifer forests with continuity of small-scale 

disturbances and slow-grown old trees
[109–110]

Species sensitive to reduced rotations and functioning of mature production stands

Arthonia vinosa (epiphytic 
microlichen)

Microhabitat and –
climate

Mature species-rich moist and wet forests [16,42,81,102,110]

Chaenotheca brachypoda 
(epiphytic/epixylic microlichen)

Microhabitat
Supply of senescent trees with bark and wood 

crevices in closed-canopy stands
[15,43,102,108]

Chaenothecopsis haematopus 
(saproxylic calicioid fungus)

Fungal tree pathogens
Soft exposed wood on deciduous trees that 

die standing
[15, 43, 111]

Calicium parvum (epiphytic 
microlichen)

Pine management
Landscape-scale continuity of mature pine 

stands
[15,88,102]

Multiclavula mucida (epixylic 
basidiolichen)

Full decay cycles of fallen 
trees

Supply of well decayed large trunks in closed-
canopy stands

[102]

Species dependent on retention forestry

Lecanora albella (epiphytic 
microlichen)

Late-successional tree 
species

Supply of mid-aged or old nemoral broad-
leaved trees in closed-canopy stands

[59]

Leptogium saturninum (epiphytic 
microlichen)

Stable pool of mature 
aspens

Stand-scale continuity of mature aspen trees 
hosting the lichen

[102,112]

Also among:
- birds
- polypores
- bryophytes
(1-2% of species)
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II

Estonian forest biodiversity

in relation to anthropogenic change

Estonia. Background facts.

• SFM an umbrella goal of State Forest Policy (1997)

• Forest land 51% of land area
• even-aged (clear-cutting based) silviculture + retention trees

• TRIAD: 13% forests strictly protected, 11% restrictions

• State-owned forests 51% of forests
• land reform/re-privatization almost finished

• <100 000 ha before 1919 land reform, > 1 mln ha now

• Private forests (29%) shifting to company-ownership (19%)

• Forest and wood industry ca. 5% of GDP
... but significant in exports

>30 000 people involved

Around 20 000 species?

Lõhmus & Soon 2004 Forestry Studies

Historical deforestation halved forest area

At least 20% of forest remaining by 1900 still natural forest.

A. Lõhmus et al., in prep.

Some extinctions known:
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Inonotus dryadeus

20th century soil transformation: artificial 

drainage, mining, building

16% land area novel ecosystems (e.g., drained peat), 10% 
secondary site-types (e.g., eutrophic sites of swamp history)

Capercaillie leks:

A. Lõhmus et al., in prep.

Lõhmus et al. 2017 Biodivers. Conserv.

Intensive logging in periods of independence

The 1920s-1940s period extirpated 3% polypore species.

A. Lõhmus et al., in prep.

Extant species recovered:
Dendrocopos leucotos

Picoides tridactylus
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Runnel et al., submitted

natural forest
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Amylocystis lapponica

CR        EN

fertile-site species

Strict reserves are saving old-growth 
dependent species

Runnel et al. 2020 Oryx

Estonian Environmental Agency 2018-2019

Harvest intensities in production 
forests (2018):
• companies 10.7 m3/ha, increased
• state 5.4 m3/ha, stable
• private 5.4 m3/ha, increased

SFM targets 1/3 of lichen
species, reserves 1/3

Tolerant

Old-growth 
and very 

rare species

Sensitive

Intensive 
forestrySFM target

Reserve network target

Scale effect: stand-scale potential 
of SFM much smaller than 
landscape-scale (beta diversity)
https://www.mdpi.com/1999-4907/10/12/1063

Lõhmus & Lõhmus 
2011 Silva Fennica

Recent trends:
common birds

• EU Birds Directive?

Riho Marja/KAUR, 15.04.2019

Forest birds TOTAL                             Short-distance migrantsSedentary species

Young-forest speciesOld-forest speciesLong-distance migrants

Year
1985 2015

Recent trends:
non-passerine 
birds
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Year Year Year

Väli et al. 2019 Hirundo; M. Leivits, R. Nellis, Ü. Väli, unpubl.

Tetrao urogallus (lekking)

Ciconia nigra)

III

Socio-economic factors behind the 
logging pressure
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1990s started from a green scratch

• political idealism of a young country

• forest stocks accumulated; space both for economic and conservation 
development

opportunistic conservation: EU accession, abandoned military areas 

high-level ecological research

• slow land reform
• privatized: 1993 – 3%; 1998 – 15%; 2007 – 44%; 2018 – 48%

• urgency to export -> state forest certification (2002)

Long development of liberal policy, then turn to conservative (2015-): 
reducing forest functions and preferring a few

Economic

Ecological

Socio-
cultural

„Forest tasks“ are, in order:
wood production – industry – employment
(Prof. Andres Mathiesen, 1890-1955)

Political and market slogan

profit

sustai-
nable

owner

Back to 1930s

Owner-centred forestry rhetoric

Current split of arguments in Estonia

Changing ownership, from traditional farms to industrial 
and investment companies

• company-owned 
forest land

9% (2007)

19% (2017)

Estonian Environmental Agency 2018

Exporting industry, notably fuels, drive logging intensity

wood logged

wood imported

domestic use

exports

• Wood pellets 27% of exports (others <10%); the main increase; subsidied as green energy in W Europe

Raudsaar 2019 Puidubilanss

Exports expand in the west

Estonian Environmental Agency 2018

A narrative that timber price drives logging by owners is 
poorly supported

Based on data by H. Hepner / Erametsakeskus
www.eramets.ee/uuringud-ja-statistika/hinnainfo/
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Most Estonian private owners and the public do not 
support intensive forestry

• (very) important functions of forests for 
private owners (by number)

https://www.eramets.ee/wp-
content/uploads/2019/10/Erametsaomanike-uuringu-2019-aruanne.pdf

protecting environment

protecting natural values

health impacts

recreation

wood production

research and education

non-timber use

hunting

Estonian logging volumes should decrease

absolutely rather ? 

IV

Navigating the political sea

Estonian forestry debate

1. Unprecedented

2. Increasingly polarized

3. 'Cherry-picking' research

4. Professional PR techniques

5. ... and downplayed in Parliament elections 2019

2016

2017

2018

biodiversity

SFM

resource governance

democracy (pulp mill)

climate functions2019

Political mandate to Forestry Development Plan until 2030

• to be submitted in spring 2020
101 problems defined democratically (2018)

solution processes failing due lack of co-operation (2019)

• key issues by industrial policy coalition
increasing wood production "for climate"

compensations for forest protection

• key issues by socio-ecological coalition
reducing logging volumes

re-organizing State Forest Management Centre for socio-ecological goals

protecting valuable forest sites

landscape planning

The debate shifts to broader culture
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Home landscape

- state forest for whom?

- local communities

Environ. responsibility

- biodiversity

- climate mitigation

Governance

- information, participation

- across-generation

Innovation

- wood saving

- multiple goods
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Social contract? 
Swedish understanding

• Mid-19th century: corporate responsibility

• Post WWII: efficiency for a welfare state

• 1990s: ecological and economic goals equalized

• Ongoing: reflexive forestry?
• better match to complex system behaviour

Critical issue: procedural fairness
disagreement should be dealt with

governments in the best position
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Social-ecological traps?

• innovation risk: unsustainable industry locking-in
3%-5% annual growth in wood consumption expected 

"there is no alternative"

-> locks-in conservation

• governance risk: MoE responsible for SFM but rejects criticism
locks-in untrust and 'counter-culture'

• knowledge base risk
complex system treated by (selected) parts

burden-of-proof and precautionary approaches unclear

Conclusions

• SFM is a framework that acknowledges forest complexity
must be addressed through fair social procedures

• Estonian forests have entered another biodiversity decline
conservation is better prepared: reserves, retention, knowledge, SFM targets

• the pressure comes primarily from exporting industry
masked with a discussion on property rights

• the risk is to lose SFM approach in a socio-ecological trap
re-newed social contract and international co-work for SFM could help


